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EFFECT OF FERTILIZER, SOIL COMPOSITION, AND CER- 
TAIN CLIMATOLOGICAL CONDITIONS ON THE CALCIUM 
AND PHOSPHORUS CONTENT OF TURNIP GREENS! 


By O. A. SHEETS, associate in home economics, L. McWuirTER, assistant in home 
economics, W. 8. ANDERSON, head, Department of Horticulture, and M. GieGcer, 
chief chemist, Mississippi Agricultural Experiment Station; L. Ascuam, formerly 
home economist, H. L. Cocuran, associate horticulturist, and M. Sprirs, home 
economist, Georgia Agricultural Experiment Station; R. RepER, associate profes- 
sor, agricultural chemistry research, Oklahoma Agricultural Experiment Station; 
J. B. EpMonpD, associate horticuiturist, E. J. LEASE, associate chemist, and J. H. 
MitcHELL, head, Department of Chemistry, South Carolina Agricultural Experi- 
ment Station; G. S. Fraps, chief, Division of Chemistry, J. Wuitracre, chief, 
Division of Rural Home Research, and 8. H. YARNELL, chief, Division of Horti- 
culture, Texas Agricultural Experiment Station; W. B. Exvuert, chemist, R. C. 
Moore, assistant horticulturist, Virginia Agricultural Experiment Station; and 
H. H. ZimMERLEY, director, Virginia Truck Experiment Station ? 


INTRODUCTION 


Many investigations have been reported which demonstrate that 
environmental factors are responsible for wide variations in the 
composition of plants. These investigations, however, furnish little 
information concerning the effects of specific factors on the nutritive 
‘value of vegetables. Field studies relating to the production of 
vegetables have been chiefly concerned with yield and marketability 
of the product rather than with its nutritive value. Greenhouse 
studies have been conducted to determine the effects of certain envi- 
ronmental factors on the composition of vegetables, but the extent 
to which the results of such studies can be applied to field crops is 
questionable. Reported studies thus do not provide adequate 
information which might serve as a basis for recommending cultural 
practices designed to increase the nutritive value of food plants. 

The experiments reported here were undertaken as one phase of a 
cooperative project to determine some of the most important factors 
which affect the nutritive value of vegetables. It was believed that 
a study in which the same varieties of vegetables were grown in 
different geographical areas where soil and climatic conditions varied 
widely would furnish information of much more value than could be 
obtained if the vegetables were grown in only one area. The purpose 
of the present study was to determine the effect of fertilizer treat- 
ments, soil composition, and certain climatological conditions on 
the calcium, phosphorus, and iron content of turnip (Brassica rapa L.) 
greens. The results on the calcium and phosphorus content of 
turnip greens are reported in this paper. 

' Received for publication December 30, 1942. Approved for publication as Paper No. 2 by the Executive 
Committee of the Southern Cooperative Project, ‘Variations in the Composition and Nutritive Value of 


Vegetables Grown in the South”; Paper No. 108 from the Georgia Agricultural Experiment Station; Paper 
No. 65 from the Mississippi Agricultural Experiment Station; Paper No. 151 from the Oklahoma Agricul- 
tural fo bapa Station; Paper No. 785 from the Texas Agricultural Experiment Station; and Paper No. 
90, miscellaneous publications, from the Virginia Truck Experiment Station. 

? Grateful acknowledgment is made to Dr. B. L. Wade, senior geneticist in charge, U. 8. Regional Vege- 
table Breeding Laboratory, Charleston, S. C., for guidance in planning this project and for assistance in the 
Statistical treatment of the data; to other persons whose names are not listed in the authorship, as horticultur- 
ists and chemists in the main and branch stations, for valuable assistance; and to members of the Home 
Economics, Chemistry, and Horticulture Departments of Texas Technological College at Lubbock, who 
participated in the nonfactorial experiments. Acknowledgment is also made to Dr. I. E. Miles, director of 
soil testing, North Carolina Department of Agriculture, for his work in carrying out the rapid soil tests. 
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MATERIAL AND METHODS 
PLAN OF EXPERIMENTS 


Two different plans have been followed in the experiments on turnip 
greens. In the first series of experiments the fertilizer treatment was 
uniform in each locality, except at two places in Texas where fertilized 
and unfertilized treatments were compared, and replications alone 
were used. This plan was changed to one of factorial design, because 
of the greater efficiency of the latter. The experiments will be 
referred to as nonfactorial and factorial experiments. 

The nonfactorial experiments were conducted during the fall of 
1938 in Mississippi, South Carolina, Texas, and Virginia, and con- 
tinued in South Carolina in the spring of 1939. A total of 19 expe- 
riments in 12 localities were carried out. The soil was fertilized in 
the manner customary for the locality; the sources for nitrogen, 
phosphorus, and potassium were nitrate of soda, superphosphate, 
and muriate of potash, respectively. No other fertilizers were used. 
Five crops at 3 places in Texas received no fertilizer treatment. 
Applications of fertilizer on the acre basis at the 11 places were as 
follows: In Mississippi, 1,000 pounds of 6-8-4 were used at Poplar- 
ville, Natchez, and West Point, and 600 pounds of nitrate of soda at 
Stoneville; in Norfolk, Va., 1,000 pounds of 6-6-5; in South Carolina, 
500 pounds of 4-8-4 at Edisto, 800 pounds of 4—12—4 at Clemson, and 
1,000 pounds of 4-8-4 at Sandhill; in Texas, 150 pounds of 11—48-0 
and no fertilizer at Winter Haven, 200 pounds of 6-12-6 and no 
fertilizer at College Station, and no fertilizer at Iowa Park, or at 
Lubbock. The plantings consisted of 20 rows, 20 feet long, of which 
the inner 10 rows 10 feet long were harvested for sampling. Each 
row constituted a separate sample. 

The factorial experiments were conducted during the spring and 
fall of 1939 and 1940. A total of 30 experiments in 19 localities 
situated in Georgia, Mississippi, Oklahoma, South Carolina, Texas, 
and Virginia, were carried out. A 2X 2 X 2 X 2 factorial design was 
used consisting of 16 treatments with 2 replications in each experi- 
ment. The 4 fertilizer factors, nitrogen, phosphorus, potassium, 
and calcium, were studied in all combinations of high and low levels. 
The check or natural untreated soil constituted the low level for 
each of the 4 nutrients. The treatments were as follows: NPKCa, 
NPK, NPCa, NP, NKCa, NK, NCa, N, PKCa, PK, PCa, P, KCa, 
K, Ca, and check. The acre rates and materials used were: 60 pounds 
of N from ammonium sulfate, 60 pounds of PO; from triple super- 
phosphate, 60 pounds of K,O from muriate of potash, 120 pounds of 
Ca from gypsum. 

The standard procedure for the factorial exper'ments was to grow 
single-row plots 25 feet long and not less than 30 inches apart.? The 
16 treatments were randomized in a single block with at least 1 guard 

3 Since the fertilizer was applied in single-row plots, the possibility of cross-feeding between adjacent rows 
was considered. Weaver and Bruner (27)4 report the maximum length of any lateral root attained by tur- 
nips in Kansas after 111 days through midsummer was 30 inches. This growth period was equalled in only 
one instance (at Blacksburg, Va., 110 days) under much more favorable moisture conditions. Under simi- 
lar conditions of moisture at Geneva, N. Y., Goff (13) observed horizontal roots no longer than 18 inches. 
Moisture conditions, growth period, and distance between treatments were thus unfavorable for cross- 
feeding. In addition, the clean cultivation given the plots discouraged the development of long lateral roots. 
General observation of the wide difference in growth response of various annual crops on adjacent fertilized 
and unfertilized rows greatly strengthens the assumption that there can be little cross-feeding under such 


circumstances. This was noted especially for those plots lacking nitrogen at many locations east of the 
Mississippi River. 


‘ Italic numbers in parentheses refer to Literature Cited p. 189. 








geb. 15,1944 Calcium and Phosphorous Content of Turnip Greens 147 





row on each side. A duplicate block with a different arrangement of 
treatments was grown, usually adjacent to the first, but in some cases 
it was necessary to separate the 2 blocks to secure uniformity of grow- 
ing conditions. The fertilizer was applied in a band 2 inches to the 
side and 1 inch below the seed level. 


GROWING THE CROP 


The Seven Top variety of turnip was chosen because it represents 
a type that is grown primarily for greens rather than for the root. It 
is well adapted and makes a good growth under favorable conditions 
over the entire region included in this study. A uniform lot of seed 
was supplied by the United States Regional Vegetable Breeding Labo- 
ratory at Charleston, S. C. 

The extent of the region covered by the cooperating States provided 
opportunity to grow greens under a wide variety of soil types, rainfall, 
and temperature. Soils typical of each area were selected for the 
experiment. Each site was chosen as being representative of home- 
garden conditions at each location. When crops were grown for suc- 
cessive seasons in the same locality, planting was not made twice on 
the same site, but on one nearby having the same kind of soil. The 
places where greens were grown and the average annual precipitation 
in inches for each site are shown in figure 1.5. The cultural history for 
the locations is summarized in table 1. The soil types, given for each 
_location in table 2, ranged from the comparatively deep Norfolk fine 
sand of the Sandhill section of South Carolina to the Houston clay- 
loam of northeastern Mississippi. The following great soil groups are 
represented: Gray-Brown Podzolic soils, Red and Yellow Podzolic 
soils, Reddish Chestnut soils, Reddish-Brown soils, Rendzina soils, 
and Ground-Water Podzolic soils. Records of the rainfall and tem- 
—— during the growing season at each locality are shown in 
table 3. 





é 











Figure 1,—Average annual precipitation in inches for the 20 places in which 
turnip greens were grown, 


5 See KincER, J. B, PRECIPITATION AND HUMIDITY, Jn Baker, O. E., Atlas of American Agriculture, 
pp. 6, 7. Illus. 1922. 
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The greens were given the cultivation common to good garden pro- 
cedure, which did not vary much among the different locations. This 
involved adequate preparation of the seedbed with turning plow, 
disk, and harrow, and subsequent cultivation and hoeing to keep down 
weeds. Seeding was comparatively heavy to insure a good stand. 
It was sometimes necessary to water the fall crop early in the season 
to get it started. All crops were grown under irrigation at Winter 
Haven and at Iowa Park, Tex., and one crop at Woodward, Okla. 

The use of insecticides was avoided as far as possible and dusts or 
sprays containing copper or calcium were not used. In cases where 
aphids or other leaf insects made their appearance late in the season, 
no control measure was employed. No insects were observed on the 
plantings in Mississippi and Oklahoma. It was necessary to use 
rotenone dust for flea beetles at Winter Haven in 1938 and at lowa 
Park the following year, early in the growing season. Aphids were 
found later in the season at other places, but were not serious except 
at Experimeat, Ga., where they appeared earlier, and were controlled 
by syringing with a garden hose and the use of a soft brush. 


SOIL ANALYSIS 


Samples of soil for analysis were taken from the sites before treat- 
ment. The determinations carried out on each sample and the 
methods used were as follows: The pH value was estimated electro- 
metrically, using a glass electrode; organic matter by the Schollen- 
berger method or modifications of it (24, 1, 22); exchange capacity 
by the Schollenberger and Dreibelbis methods (25); and exchangeable 
calcium by the Association of Official Agricultural Chemists method 
(5). Calcium, phosphorus, and magnesium were determined by rapid 


soil tests as used in the North Carolina Soils Testing Laboratory (16).° 


PLANT ANALYSIS 


CoLLECTION AND PREPARATION OF SAMPLES 


The turnip greens were harvested when they were at a good mar- 
ketable stage, but the length of the growing period varied in different 
localities (table 3). In the majority of instances all of one crop was 
harvested in 1 day. The greens were handled as soon as possible 
after harvesting. A random or a representative sample from each of 
the 32 plots (16 treatments replicated) was selected for analysis, and 
damaged leaves or those which would be unfit for cooking were dis- 
carded. The petioles of the leaves were cut or broken off about three- 
fourths of an inch above the crown of the root, and the greens were 
then sorted and thoroughly washed 3 to 6 times in tap water, or until 
they were free from soil, and finally washed in distilled water. The 
excess moisture was drained off, and in some instances there was a 
preliminary drying in a clean dust-free room before the samples were 
placed in the oven. A Freas electric oven with a forced draft was 
used in 4 of the 6 laboratories, and the samples were dried at about 
100° C. They were then ground ia a ball mill equipped with porcelain 
jars and flint pebbles, and stored in Mason jars or glass bottles with 
plastic screw tops. 

Duplicate fresh moisture samples were taken from each of the 32 
lots of turnip greens in every crop, at the time the samples were being 


6 Mixgs, I. E. RUFFERED PERCHLORIC ACID METHOD OF SOIL TESTING. [Unpublished data.] 
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prepared for analysis. Either randomized plants or leaves, or selected 
plants, were used. The samples were handled and washed in the same 
manner as the samples used tor analysis. After washing they were 
spread out and allowed to dry until all visible moisture had dis- 
appeared, but they were not allowed to wilt. They were weighed, 
dried at a temperature of 100° C. or less, placed in aluminum moisture 
dishes with covers, and dried to constant weight +0.2 gm. at 100°. 
A “trip” balance was used in most instances. 

For moisture determinations on the stored samples, duplicate 2-gm. 
samples were weighed into small aluminum moisture dishes with 
covers. The samples were dried for 5 hours at 100° to 102° C., cooled 
in a desiccator, and weighed. 


Metuops or ANALYSIS 


Methods of the Association of Official Agricultural Chemists were 
used for both calcium (3, p. 104) and phosphorus (4, p. 21) determina- 
tions, with minor variations in the procedures among the different 
analysts. The samples were ashed according to the A. O. A. C. 
method (4, p. 121). 

Since each State was responsible for the analysis of its own samples, 
the calcium and phosphorus analyses were made by a number of 
chemists. For this reason, it seemed advisable to carry out referee 
work among the different analysts. Accordingly, six composite sam- 
ples of dried turnip greens were analyzed in duplicate by seven 
chemists. The statistical analyses of referee data showed conclusively 
that the value of interaction, laboratory X sample, for both calcium 


and phosphorus was too small to vitiate the results of the factorial 
experiments. 


NONFACTORIAL EXPERIMENTS 


The average calcium and phosphorus content of 10 plots (rows) of 
turnip greens from each of the 19 nonfactorial experiments, 17 of which 
were compared on the basis of standard error of the mean (19), is 
shown in table 4. It is evident from an examination of the data that 
there were marked differences in both the calcium and phosphorus 
content of the greens grown at different places. The range for calcium 
was from 1.814 to 4.318 percent and that for phosphorus from 0.3456 
to 0.6797 percent. The variations in calcium were greater than those 
for phosphorus. Thus there were 5 experiments, in which the calcium 
content was significantly different from that of all other places. For 
phosphorus this was true only of 1 experiment. 

While many factors were probably responsible for variations in the 
calcium and phosphorus content of the greens, the data indicate that 
differences within a location occurred as a result of season, fertilizer 
treatment, and size of the plant. The effect of season is shown by the 
results of the experiments at Edisto, Clemson, and Sandhill. There 
were significant seasonal: differences when the greens were grown at 
the same place. In two of the three places, the spring greens contained 
more calcium and more phosphorus than the fall greens. At Edisto, 
however, the fall greens had a higher calcium content, and at Sandhill, 
a higher phosphorus content than the spring greens. There was a 
significant difference in both the calcium and phosphorus content 
between greens grown on fertilized and those grown on unfertilized 
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plots at Winter Haven and College Station. The greens from the 
fertilized plots contained less calcium but more phosphorus than did 
those from the nonfertilized plots. The small plants at Clemson were 
significantly higher in calcium than the large plants, but there was no 
significant difference in their phosphorus content. 

The data from Lubbock were not included in the statistical analy- 
sis since there was only 1 composite sample from the 10 plots for each 
of the 2 years during which the turnip greens were grown. The results 
for both calcium and phosphorus were, however, comparable to the 
average results from other places. 


FACTORIAL EXPERIMENTS 


The analysis of variance (11) was applied to the data from the 30 
factorial experiments. The interaction of block xX treatments was the 
error item used. The method devised by Yates (30) for the analysis 
of factorial experiments was used to determine the effects of the 
fertilizer treatments. It will be noted that in the tables of factorial 
experiments, both simple averages and effects are given. These 
effects are the answers to algebraic equations in which the entire 
set of data is used for each effect (23). In each case the effects are for 
8 times as many observations as the simple averages. Consequently, 
where apparent conflicts occur, more reliance can be placed upon the 
effects than upon the simple averages. Main effects, i. e., those of 
N, P, K, and Ca, correspond quite well with the treatments, but a word 
of caution is necessary in connection with the interactions. For 
instance, in the summation of 29 experiments given in table.7, both N 
and P treatments give a decrease in calcium content ji,comparison 
with the check. The effects are negative. If N and P give% decrease 
in calcium content, then it is to be expected that the combination NP 
would give a decrease. This is shown to be true in case of the N, P, 
and NP treatments, and the value of —0.037 for the interaction effect 
of NP is in addition to the decreasing effect shown by N and by P as 
main effects. (Interactions between 2 factors are called first-order 
interactions; between 3, second-order; and between 4, third-order. 
The most emphasis is placed on first-order interactions, since those of 
higher order are difficult to interpret. With one exception the latter, 
therefore, are not discussed). 

Twenty-nine of the experiments were combined for a study of the 
total effects. Chi-square tests were applied and the experiments 
grouped according to their homogeneity. The low-error groups were 
used to study the causes of variability in the calcium and phosphorus 
content of the greens, because those groups included the majority of 
the experiments and because the variation not accounted for was 
smallest in these groups. The 29 experiments and the low-error groups 
were divided into subgroups for the purpose of studying the relations 
between the soil constituents and fertilizer treatments as they influence 
the mineral content of the greens. 


CALCIUM 


The average calcium content of the turnip greens from duplicate 
plots, the mean percent, and the standard deviation for each experi- 
ment are given in table 5. The range for the mean percent of calcium 
in the 30 experiments was from 1.74 to 5.076. The greens grown at 


TABLE 5.—Calcium content of turnip greens grown by a factorial design of 16 duplicate fertilizer treatments ir. 30 experiments 
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Sandhill contained the least calcium and those at West Point the most. 
The significant effects of each of the 16 fertilizer treatments for all 
experiments are shown in table 6. The effects were compared on 
the basis of standard error of the mean. Thirteen treatments had 
a significant effect upon the calcium content of the turnip greens in 
1 or more experiments. ‘There were no significant interaction effects 
for the treatments NKCa and KCa in any experiment. There were 
no fertilizer treatments that gave a significant effect at Stoneville, 
fall of 1939, and Norfolk, fall of 1940. It is interesting to note, 
however, that at Stoneville, spring of 1940, 6 treatments gave sig- 
nificant effects. This is the largest number of significant effects for 
any one place. 

Of the 4 fertilizer factors studied, nitrogen had the greatest effect. 
It decreased the calcium content of the greens in all experiments 
except those at Stoneville, fall of 1939, and at Tifton. The decrease 
was significant in 24 of the 30 experiments. .The average depression 
of calcium by nitrogen was approximately 0.36 percent (table 7). 
Applied calcium significantly increased the calcium content of the 
greens in 4 of the 30 experiments; namely, at Poplarville, spring of 
1939; Edisto, fall of 1939; Winter Haven, fall of 1939; and Blacksburg, 
spring of 1940. The effect for calcium was positive in 20 experiments, 
with an average increase of 0.060 percent (table 7). There was a 
tendency for applied phosphorus to decrease the calcium content 
of the greens, the average decrease being 0.046 percent (table 7). 
The decrease was, however, significant only at Blairsville, spring of 
1940, and at West Point and Sandhill. At Experiment, 1940, Stone- 
ville, 1940, and Iowa Park a significant increase in calcium resulted 
from the application of phosphorus. The application of potassium 
produced a significant increase in calcium at Stoneville, 1940, Clemson, 
1939, and Sandhill; and a significant decrease at Tifton and at Poplar- 
ville, spring of 1939. The interaction effect of NK was significantly 
negative at Blairsville, 1940, Experiment, 1940, Tifton, West Point, 
and Edisto. There was also a significant negative interaction 
effect of NP at Blairsville, 1940, Tifton, Stoneville, 1940, and Heav- 
ener. The treatment PK had a significant positive interaction effect 
at Woodward (irrigated plot) and at Edisto. 

The average calcium content of the greens, the effects for 29 experi- 
ments combined and for the low- and high-error groups, and the F 
values from analyses of variance, are given in table 7. The data from 
Iowa Park were omitted because the fertilizer treatments were not 
replicated at this place. For the combined data, and for the low-error 
group, 5 treatments gave significant effects which were the same: N 
and P gave a highly significant negative effect, and Ca a highly sig- 
nificant positive effect, while NP and NK showed a significant nega- 
tive interaction effect. There was-a significant interaction of treat- 
ment X places for N, P, K, Ca, NP and NK in the 29 experiments 
and in the low-error group. This shows that the effects of the indi- 
vidual fertilizer treatments varied with the place. In the high-error 
group, N gave a highly significant negative effect and a significant 
interaction treatment places as in the other 2 groups. There was 
also a significant negative interaction effect for PCa. 

The F values in the analyses of variance were determined both on 
the basis of error variance and on the basis of interaction variance 
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(14). The effects of each of the variables, place, treatment, and 
replication, were highly significant for the low- and high-error groups, 
as well as for the combined experiments. Place (experiment) had much 
the greatest effect, as shown by the F values. These values were 12 
to 13 times greater for place than for treatment in the low-error group. 
Replications had the smallest effect. There was a highly significant 
interaction between place and treatment in both the low- and high- 
error groups and for the 29 experiments combined. 


TaBLE 7.—Results of 29 experiments combined and of those in the low- and high-error 
groups, showing the average calcium content of turnip greens, the average effects of 
the fertilizer treatments, and the F values from the vartance analysis of each group— 





Total group (29 experi- | Low-error group (22 High-error group (7 
ments !) experiments 2) experiments 3) 





Fertilizer treatment Average Average Average Average Average Average 

Cacontent,| effect of |Cacontent,| effect of |Cacontent,| effect of 
58 plots | treatment,| 44 plots | treatment,| 14 plots | treatment, 

(dry basis) | 464 plots | (dry basis) | 352 plots | (dry basis) | 112 plots 





Percent 
+0. 010 2.619 |+0.010 

12 2. 516 —. 008 
2. 642 
2. 627 
2. 671 
2. 647 


- 006 

- 030*T 

- 007 

- 062** tt 


SBSSRE 
=5 


IB bap eee Bas ee 
etd = 
= 


tttitiei Nid 
ait 
ESZ53828 


ao 





py | PENYSRPNPNENND 


Standard deviation 
Jo. >| 3 eee 
SION MIE GS ctkcctnieuccne 


. S| PYRYSNNNNNNNNNNN 


Sees 


965 
956 
907 
796 
- 167 
- 076 
- 105 





Treatment F values: 
Residual as error 41. 97** 45. 18** 9. 06** 
Place X treatment as error a7,00"" 31.2. SRS 15. 28** 4. 29** 

Place F values: 

Residual as error 250. 09** 586. 26** 28. 27** 
Place X treatment aserror| 101. 89** 198. 25** 13, 39** 

Replication F value: 

Residual as error 2. 19** 1, 92** 2. 37* 























' Jowa Park is omitted from the variance analyses. 
2 Factorial experiment Nos. 2, 4, 5, 6,7, 10, 11, 13, 14, 15, 17, 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 30. 
3 Factorial experiment Nos. 1, 3, 8, 9, 12, 16, 29. 


t=significant interaction of treatment X places at odds of 19:1; tt=significant interaction of treatment X 
places at odds of 99:1. 


*=Significant at odds of 19:1; **=significant at odds of 99:1. t=significant interaction of treatment Xx 
places at odds of 19:1; tt=significant interaction of treatment X places at odds of 99:1. 


THE Errects or FERTILIZER TREATMENT AS RELATED TO LEVEL OF 
Som Cautcium 


It seemed probable that the calcium content of the turnip greens 
was influenced not only by the fertilizer treatments, but also by the 
interrelated effect of the treatments and the soil calcium. The effects 
of the fertilizer treatments at different levels of soil calcium were, 
therefore, studied. The soils were classified as trace-, low-, medium-, 
and high-calcium soils (table 2) and the effects of the fertilizer treat- 
ments determined for each class in the 28 experiments from which 
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soil samples were analyzed, and in the 22 experiments of the low-error 
group. The results for the low-error group and the F values for the 
analyses of variance are shown in table 8. There was a significant 
increase in the calcium content of the greens when calcium was added 
to the soil in the trace group, and a small but significant increase when 
it was added to the soil in the low- and high-calcium groups. The 
greatest effect for calcium treatment was shown in the trace-calcium 


TABLE 8.—Results of the experiments from the low-error group, showing the calcium 
content of turnip greens grown on trace-, low-, medium-, and high-calcium soils, 
the average effect of the fertilizer treatments, and the F values from the variance 
analysis of each group 





Trace-calcium | Low-calcium Medium-calcium | High-calcium 


| soils | soils soils | soils 
| (Sexperiments') | (4 experiments?) | (3 experiments *) | (10 experiments ‘) 





| | | 
Fert:lizer treatment * Aver- | Aver- | Average | Aver- | Average 
| age Ca | flect | age Ca ff 
content,| ‘fect lcontent,| _ effect 
| ’| of treat- | , of treat- 


muaat. | 6 plots | mont 20 plots) 
, (dry | | (dry | 
64 plots basis) | 48 plots basis) | 


ment, 
160 plots 





| Percent 
NPKCa | 2.167 |+0. 025 
NPK_.. 1.997 |—. 069* 


| 
Percent Percent; 
| 2.742 |—0. 006 2. 962 |-+0.013 

2.821 |-+. 029 2.851 |—. 007 

| 2.840 |—. 011 2. 926 | 
| 2.889 |—. 2. 930 
| 
| 
| 


g 
= 


sb 


|\Pr 


er 
2. 
2. 
2. 
2. 
2. 
2, 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


NEBEE 


2.801 |+. 3. 028 


+..004 
|—.441**tt 
+.069* | 





| 


SaSaooonaa 
SHIIR8a2N 


38 








Treatment F values: 
Residual as error _____| 
Place Xtreatment as 


Residual as error -____ 
Place Xtreatment as 
error. 
Replication F value: 
Residual as error 





1 Factorial experiment Nos. 5, 10, 11, 23, 28. 

2 Factorial experiment Nos. 4, 6, 7, 22. 

3 Factorial experiment Nos. 15, 17, 24. 

4 Factorial experiment Nos. 2, 13, 14, 18, 19, 20, 21, 26, 27, 30. : 

*=Significant at odds of 19: 1; **=significant at odds of 99: 1; t=significant interaction of treatment x 
places at odds of 19: 1; tt=significant interaction of treatment Xplaces at odds of 99:1. 


soils. The medium group did not show any effect from applied 
calcium, but this may have been due to an insufficient number of 
experiments. The average percentage of calcium in the greens in- 
creased as the calcium content of the soil increased, the average for 
the greens grown on the high-calcium soils being 33 percent greater 
than that for the greens grown on the trace-calcium soils. Nitrogen 
significantly decreased the calcium content of the greens in all groups. 
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Phosphorus also had a negative effect in the trace- and high-calcium 
soils. NK showed a significant negative interaction effect in the 
i ig low-, and high-calcium soils, and NP in the medium-calcium 
soils. 

The effect of the treatments on the different soils within a group 
was not uniform as is shown by the interaction between treatment 
and places. There was a significant interaction, treatment x places, 
for N in all groups; for Ca in the trace- and low-calcium soils; for P 
in a high-calcium soils; and for K in the trace- and high-calcium 
soils. 

The results both for the average percentage calcium and for effects 
were essentially the same for the total of 28 experiments’ as for the 
22 experiments in the low-error group (table 8). There was, however, 
a highly significant interaction between treatment and places for NP 
in the high-calcium soils of the total experiments. 

In the variance analyses of the low-error experiments, the F values 
for treatment determined on the basis of treatments places inter- 
action, variance increased as the calcium content of the soil increased. 
These values in the trace-, low-, medium-, and high-calcium soils 
were 2.26, 3.32, 7.85, and 8.05, respectively. In the low-, medium-, 
and high-calcium soils of the 28 experiments,’ the F values followed 
the same trend. 


EFFECT OF THE LEVEL OF ORGANIC MATTER IN THE SOIL 


The effect of the level of organic matter in the soil on the calcium 
content of turnip greens was also studied in connection with the ferti- 
lizer treatments. The results of 21 experiments in the low-error 
group and the F value for analyses of variance are shown in table 9. 


The soils were divided, according to the amount of organic matter 
present, into three groups which for convenience will be referred to 
as a low, medium, and high group, containing 0.48 to 1.20, 1.20 to 
2.00, and 2.00 to 4.00 percent organic matter, respectively. The 
division was based upon the fact that the soils fell naturally into these 
three groups, there being an interval between each group. Experi- 
ment 14 (West Point) of the low-error group, was eliminated because 
it introduced heterogeneity into the organic-matter grouping. This 
soil contained almost three times as much exchangeable calcium as 
that of any other soil. Correlation studies showed that exchangeable 
calcium in the soil had a greater influence on the calcium content of 
the greens than did organic matter. 

It will be seen from table 9 that the mean calcium in the greens 
increased with an increase in organic matter. Applied calcium sig- 
nificantly increased the calcium content of the greens in the medium 
and high organic-matter groups, but the effect was greater in the group 
containing the most organic matter. Nitrogen significantly decreased 
the calcium in all three organic-matter groups. 

Since it seemed possible that the results secured for the effect of 
organic matter might depend upon the level of soil calcium, the soils 
were subdivided into a high- and a low-calcium group and similarly 
studied in order to compare the main effects with those shown in table 
9. The most important results were those for the mean calcium in the 


' Table not shown, but is available at the Mississippi Experiment Station. 
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greens and the effects of applied calcium and nitrogen. In the high- 
and low-calcium soils there was also an increase in the mean calcium 
in the greens with increased organic matter. The effects of applied 
calcium and nitrogen correspond to those shown in table 9, but the 
effect of nitrogen was greater in the high- than in the low-calcium soils. 


TaBLE 9.—Results of the experiments from the low-error group, showing the calcium 
content of turnip greens grown on soils containing different percentages of organic 
matter, the average effect of each fertilizer treatment, and the F values from the 
variance analysis of each group 





| Soils containing 0.48 to | Soils containing 1.20 to | Soils containing 2.00 to 
1.20 percent organic | 2.00 percent organic 4.00 percent organic 
| matter (7 experiments?) |matter (11 experiments )) matter (3 experiments °) 





| Average Cal Average ef- | Average Ca Aveeed-| Average Ca) Average ef- 
content, | fect of content, | fect of | content, | fect of 
| 
| 


14 plots | treatment, 22 plots treatment,| 6 plots 


treatment, 
| (dry basis) | 112 plots | (dry basis) | 176 plots | (dry basis) 
| 


48 plots 





Percent 








+.014 
+. 075** fT) 





2. 998 





2. 966 
Standard deviation. Ree apes c ae ae 
Odds at ; . 046 | 093 | . 03° "293 
Odds at 90:1 re SEGUE Ree OD ae, 060 | .124 | ; 300 





Treatment F values: | | | 
Residual as error. ‘ whet A‘ re | epg Ce ot ae cae 
Place X treatment as error Fe se zans ea ee 
Place F values: | | 
Residual as error_____-____| 441.02**' __ 269. 43**| _- 
Place X treatment as error. 299. 41** 
Replication F values: 
Residual as error___------ . 69 





! Factorial experiment Nos. 10, 11, 15, 21, 23, 24, 27. 
? Factorial experiment Nos. 4, 5, 6, 7, 13, 17, 18, 19, 20, 22, 26. 
3 Factorial experiment Nos. 2, 28, 30. 
= Significant at odds of 19 : 1; **= significant at odds of 99 : 1; t= significant interaction of treatment 
X places at odds of 19 : 1; tt= significant interaction of treatment X< places at odds of 99 : 1. 


Other significant effects shown in table 9 are those for K, P, NP, and 
NK. Potassium increased the calcium content of the greens in the low 
organic-matter soils, but decreased it in the high organic-matter soils. 
The effect of phosphorus was to decrease the calcium in thé high 
organic-matter group. NP and NK produced a significant negative 
interaction effect in the medium organic-matter group, and NK in the 
high group as well. In the majority of instances, there was a significant 
interaction between treatment and places for those treatments which 
showed significant effects. Exceptions to this were K in the medium, 
and P in the low organic-matter soils where there were interactions of 
treatment X places, but no significant effects. 

512°46—44——2 
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When the 28 experiments ’ were studied with respect to organic mat- 
ter as were those in the low-error group, the effects and interactions of 
treatment X places were similar. K, however, failed to show a sig- 
nificant effect in any group, whereas P gave a significant negative 
effect in the medium as well as in the high organic-matter group. 
PCa had a significant negative interaction effect, and KCa a significant 
positive effect in the medium organic-matter soils. 

The F values from analyses of variance showed that there was a 
highly significant variation for both place and treatment. The varia- 
tion due to place decreased with increased organic matter. The above 
was true for both the low-error group and the 28 experiments. 


CoRRELATION COEFFICIENTS AND REGRESSION EQUATIONS 


By means of correlation coefficients and regression equations, it was 
possible to study the relation between the calcium content of the greens 
and a number of soil properties. These included the available soil 
calcium as determined by the rapid soil test, exchangeable calcium 
total exchange capacity, percent organic matter, and soil pH. Ex- 


TaBLeE 10.—Correlation coefficients and regression equations showing relations 
between exchangeable calcium and percentage of organic matter, and the calcium in 


the greens, for the mean and for plots showing significant places X treatment inter- 
actions 

















| 
| r | R 
| (exchange- 
| | | able calcium Standard 
Plot | Exchange- | and organic Regression equations ! error of 
able Organic matter) estimate 
calcium matter | 
| EER ER Ca 0. 4696* 0. 0998 G. 4729** | 2.0995+-0. 10867+-0. 03437 ; 0. 3976 
LS ae eee . 5277** . 2115 . 5523** | 1.9708+ .11317+ . 09% 1 - 4307 
RE ES ae . 4461* . 1926 .4712** | 2.00924 .10437+ . 09557 1 . 4997 
Kae een gids ang Se ecu . 4667* . 3399 . 5535** | 2.1596+ .10997+ . 19457 1 . 3918 
ears icdhc x Kise wadinbios . 4477* . 3253 . 5306** | 2. 2304+ .09707+ .17127; . 4572 
BES ERNE RIE | . 4034* . 3478 . 5097** | 2.29934 .0835r+ . 181371 . 4494 
Mean of 16 replicated treat- | 
ments in each locality___ | . 5257** . 2861 .5771** | 2.12874 . 106474 . 131371 - 4041 








} g= Exchangeable calcium; z;=organic matter. 
* = Significant at odds of 19:1; **=significant at odds of 99:1. 


changeable calcium gave the best basis for prediction, and percent 
organic matter was less related to it than were the other properties. 
Accordingly, correlation coefficients and regression equations were 
determined for exchangeable calcium and organic matter in the NP, 
NK, N, PK, and Ca plots, and for the mean of the experiments, 
omitting West Point. These plots were studied because the effects of 
treatment varied greatly at different places and could not be described 
satisfactorily by the mean regression. The results are given in table 
10. The simple correlation coefficients showed a significant positive 
relation between the calcium in the greens and exchangeable calcium, 
and a positive relation which was not significant between the calcium 
in the greens and organic matter. The multiple correlation coefficients 
for exchangeable calcium and organic matter show a somewhat closer 
relation than the simple correlation coefficients. 

Since the rapid soil test for available calcium, although not quantita- 


1 Table now shown, but is available at the Mississippi Experiment Station. 
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tive, has the advantage of speed and simplicity, it seemed worth- 
while to determine the relation between the calcium in the greens 
and the level of available soil calcium. The plots studied were the 
check plots and those to which nitrogen and phosphorus had been 
added, as the majority of soils were low in these constituents. The 
correlation coefficients and regression equations are given in table 
11. The correlation coefficients show that there was a significant 
relation between the available soil calcium and that of the greens. 
The standard error of estimate indicates that the regression equation 
for the NPK plots is a fairly accurate means for predicting the calcium 


content of the plant when the rapid soil test for available calcium is 
used. 


TaBLE 11.—Correlation coéfficients and regression equations showing relations 


between available soil calctum and the calcium in the greens on check and fertilized 
plots 





r (available Regression equa- — 
: , sion . 
soil calcium) tion = = 





1. 8771+-0. 0954X 
1, 7282+ . 1048X 
1, 9645+ . 0859X 
1, 9494+ . 0900X 
2.0352+- . 0888X 





1 X-available soil calcium. Levels of available soil calcium ranging from T- to H+ (table 2) were arbi- 
trarily assigned values from 1 through 12. 


CovaRIANCE ANALYSES 


Covariance analyses were made on the data secured from the 9 
places in which crops were grown in 2 successive years. When the 
means for the calcium content of the greens were adjusted on the 
basis of soil calcium, as determined by rapid soil tests, the significance 
of the variation due to place was not eliminated, but when this was 
done for exchangeable calcium the variation due to place was elimi- 
nated.’ The unadjusted F value for the 9 places was small in 
comparison with the corresponding F' value for the 28 experiments. 
Hence, itseemed likely that the number of cases was insufficient. 

The covariance analyses, using the 2 series instead of successive 
crops, were, therefore, worked out for the check and NPK plots in 
the 28 experiments. It was thought that the calcium in the greens 
from the check plots would reflect the effects of the soil since no 
fertilizer was added. The NPK plots, however (to which no calcium 
was applied), would produce more normal growth. Table 12 shows 
the relation of the multiple variates, organic matter and exchangable 
calcium, to the variation in the calcium content of the greens which 
was attributed to place. Only the maximum possibility for the 
effects of the soil properties on the variation due to place could be 
studied since there was but one soil analysis for both series. The F 
value for place in the 28 experiments was 15.91**. This value was 
reduced to 6.06** when the means were adjusted to eliminate the 
effect of exchangeable calcium. Since the exchangeable calcium of the 
West Point soil was so much greater than that of any other soil, an 
analysis of 27 experiments, excluding West Point, was made.’ The 


7 Table not shown, but is available at the Mississippi Experiment Station. 
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F value for place was 8.64**, as compared to 15.91**, indicating that 
a large portion of the variation attributed to place was accounted for 
by conditions associated with the West Point experiment. The F 
value for the adjusted means, however, was 5.97**—a value almost 
identical with the F value for the adjusted means of the 28 experi- 
ments. The F value for place in the 27 experiments was 4.61** when 
the effects of exchangeable calcium and organic matter were eliminated. 
For the 22 experiments in the low-error group, the F' value for place 
was 20.05**.7 This was reduced to 4.94** when the means were 
adjusted on the basis of exchangeable calcium and organic matter. 
Correlation coefficients indicated that the hydrogen-ion concentration 
of the soil did not have as important an effect on the calcium in the 
greens as did exchangeable calcium. This result was verified when 
the relation of hydrogen-ion concentration to variation in the plant 
calcium due to place was determined for the check plots. Elimina- 
tion of the effect of hydrogen-ion concentration reduced the F' value 
for place in the 28 experiments from 15.91** to 11.64** while elimi- 
nation of the effect of exchangeable calcium reduced it to 6.06**. 

In the NPK plots, the F value for place was 13.16** for 27 experi- 
ments. Adjusting the mean values for the calcium content of the 
turnip greens on the basis of exchangeable calcium reduced this F’ 
value to 9.02**. It is evident from the data presented that the varia- 
tion in soil composition affects the calcium content of the greens, but 
that no one factor, or any of the combinations studied, accounts for 
all the significant differences associated with the individual places. 


PHOSPHORUS 


The data on phosphorus were studied in a manner similar to that for 
calcium. Table 13 shows the average phosphorus in the turnip 
greens grown in duplicate plots, the mean for each experiment, and the 
standard deviation. The mean percentage of phosphorus in the greens 
from the 30 experiments ranged from 0.3531 at West Point to 0.7203 at 
Stoneville. Table 14 shows the significant effects of the fertilizer 
treatments. It will be seen that each of the fertilizer treatments had 
a significant effect in one or more experiments. There were four 
experiments, however, in which there was no significant effect for any 
treatment. The experiments were those at Experiment, spring of 
1939, Winter Haven, fall of 1939 and 1940, and Norfolk, fall of 1939. 


*Significant at odds of 19:1; **significant at odds of 99:1. 
7 Table not shown, but is available at the Mississippi Experiment Station. 
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The most outstanding effect of the fertilizer treatments was that of 
phosphorus. It increased the phosphorus content of the greens 
significantly in 18 experiments. The average increase was 0.0537 
percent (table 15). The effect of nitrogen on the phosphorus con- 
tent of turnip greens was similar to its effect on calcium, although 
less consistent. Nitrogen decreased the phosphorus significantly in 
12 experiments, but had a negative effect in 18 experiments. Six 
places, however, showed a significant increase; namely, Blairsville, 
spring of 1939; Crystal Springs, fall of 1939; Poplarville, fall of 1939; 
Stoneville, spring of 1940; West Point, 1939; and College Station, 
fall of 1940. Calcium added as fertilizer showed a tendency to in- 
crease the phosphorus content of the greens, but this increase was 
significant at only three places, Crystal Springs 1940, Perkins 1940, 
and Edisto, and there was a significant decrease in phosphorus at 
Poplarville, fall of 1939. At Clemson, 1939, the phosphorus content 


TABLE 15.—Results of 29 experiments combined and of those in the low- and high- 
error groups, showing the average phosphorus content of turnip greens, the average 
effects of the fertilizer treatments, and the F values from the variance analysis of 
each group 





| | 
| Total group Low-error group 'Medium-error group) High-error group 
| (29 experiments !) (18 experiments 2) | (7 experiments 3) | | (4 experiments ‘) 


Aver- Aver- | Aver- Aver- | 


age P Average age P | Average age P Average age P —— 
content,| effect of jcontent,| effect of jcontent, effect of saat, 





Fertilizer treatment 


| 58 plots| treatment, | 36 plots) treatment, | 14 plots) treatment, | 8 plots " Be gl 
| (dry | 464 plots (dry | 288 plots (dry 112 plots (dry | lots 
| basis) | basis) | basis) | basis) | | 





Percent | Percent | | Percent Percent | 
0. 5808) +0. 0007tf 0. 5793) —0. 0012 | 0. 5772| +0. 0099 0. 5941/ —0. 0070t 
5834) +. . 5821) —. 0001} | oo +. 0029 . 5958) —. 0040 
6094| . 5889 - 0005 j . 0095 P | —.0025 
. 5986 0135**}+| “Tae em 0195*t¢ ; | +. 
- 5268 0015 . 5185) +. 0041 |— 
. 5162) 0052 - 4896 - 
. 5315) 8 
. 5226) 
. 5889) 
. 5754) 





5168) 





001 
0065*¢+ 
0015 | 
. 0022 | 


- 0040 
-0377** ff) 
5 


tHI+! +) I+)4 


- 5858) 
. 5857| 
‘ ote 


ie tii) ef 


. “004 48 
50 +. 0054 


ea 

Standard deviation... ° See 

Odds at 19:1 : ; ee eS ‘ | .0149 | - 05 
Odds at 99:1______- 0277; «. bee fateae . 0583 3 5 | "1244 . 0440 





Treatment F values: 
sidual as error- 
Place a8 treatment | 


e 
Place F wales: 
Residual as error-.- 
Flan x treatment | % 


Replication. F values: 
Residual as error - 





1 Iowa Park is omitted from the variance analyses. 

* Factorial experiment Nos. 3, 4, 6, 10, 11, ge 13, 14, 15, 16, 18, 19, 20, 21, 22, 23, 26, 27 

3 Factorial experiment Nos. 2; 5, 7, 8, 17, 2 

4 Factorial experiment Nos. i 9. 28, 29, 

*=Significant at odds of 19: 1; **=significant at odds of 99: 1; t=significant interaction of treatment < 
places at odds of 19: 1; tt significant interaction of treatment x places at odds of 99: 1. 
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of the greens was significantly decreased by potassium, and at Nor- 
folk, 1940, it was significantly increased. There were significant 
positive interaction effects for NP at Natchez, Poplarville, 1940, 
and at Woodward, 1940. The treatment NK gave a significant 
negative interaction effect at Crystal Springs, 1940, Stoneville, 1939, 
West Point and College Station, and a significant positive effect for 
the irrigated plot at Woodward. 

The results for the 29 experiments combined, for the low-medium- 
and high-error groups and the F values for the analyses of variance 
are given in table 15. Four treatments gave significant effects for 
the 29 experiments. Phosphorus showed a highly significant posi- 
tive effect. NK and PK had a significant negative interaction effect, 
and NP a highly significant positive interaction effect. There was 
a significant interaction between places and the treatment of N, P, 
and of NPKCa in the 29 experiments. 

In the low-error group, the effects of the treatments P and NP 
corresponded to those for the 29 experiments. Nitrogen, however, 
gave a significant negative effect, whereas NK and PK gave no sig- 
nificant interaction effects. The effects showing significance for the 
medium-error group were like those for the low-error group. Only 
two treatments, P and PK, gave a significant effect in the high-error 
group, P having a highly significant positive effect as in the 
other groups and in the combined experiments, and PK a negative 
interaction effect. There was significant treatment X places inter- 
actions for the following treatments in the three error groups: NPKCa, 
NPK, NP, N, and P in the low-error groups; NP, NKCa, NK, N, 
P, KCa, and Ca in the medium-error group; and NPKCa and N in 
the high-error group. 

In the variance analyses the effects of the three variables, place, 
treatment, and replication, on the phosphorus content of the greens 
were similar to those for calcium. Again the effect of place was much 
greater than that for treatment, although treatment had a highly 
significant effect. Replications had the smallest effect and this effect 
was not significant in the low-error group. 


EFFeEct OF FERTILIZER TREATMENT AS RELATED TO LEVEL OF Sort PHosPHORUS 


The phosphorus content of the greens was studied in relation to 
the level of soil phosphorus and fertilizer treatments in the same 
manner as was the calcium content of the greens in relation to the 
soil calcium. Table 16 shows the results for the low-error experi- 
ments and the F values for analyses of variance when the soils were 
grouped into low-, medium-, and high-phosphorus soils. The majority 
of the soils on which the turnip greens were grown were, however, 
low-phosphorus soils. Two of the three experiments having medium- 
phosphorus soils and both having high-phosphorus soils were in 
the low-error group. The high-phosphorus soils were in reality the 
same soil, since the two experiments were conducted at the same 
place, but in different seasons. The data are, therefore, insufficient 


in = medium- and high-phosphorus groups to do more than indicate 
trends. 


It will be seen from the table that the mean phosphorus content of 
the greens increased as the soil phosphorus increased, the phosphorus 
being highest in the greens grown in soils which contained the most 
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phosphorus. The low-phosphorus soils gave more significant effects 
and more interactions than either the medium- or the high-phosphorus 
soils. There were three significant effects for fertilizer treatments—a 
positive effect for P, a negative effect for N, and a positive interaction 
eflect for NP. Highly significant treatment x places interactions 
were given by the treatments NPKCa, NPK, NP, N, and P. In the 
medium-phosphorus soils N had a highly significant, and Ca a signifi- 
cant, positive effect. There were only two treatment X places inter- 
actions, one for NPKCa and one for N. The high-phosphorus soils 
gave a significant positive interaction effect for NP, and a significant 
negative interaction effect for NK. There was significant treatment 
x places interaction for N, but no significant effect, since in one 
experiment there was a significant negative effect and in the other a 
highly significant positive effect of about the same order. 

In the 28 experiments the low-phosphorus soils included 8 additional 
experiments (experiments 2, 5, 7, 9, 13, 17, 29, 30), and the medium 
soils 1 additional experiment (experiment 24). There was also a group 
for trace-phosphorus soils (experiments 1 and 15). The results were 


TaBTE 16.—Results of the experiments from the low-error group, showing the phos- 
phorus content of turnip greens grown on low-, medium-, and high-phosphorus 
soils, the average effect of the fertilizer treatment, and the F values from the vari- 
ance analysis of each group 





Low-P soils Medium-P soils |  High-P soils 


| | 
| (14 experiments !) | (2 experiments 2) | (2 experiments 5) 





| | 
Fertilizer treatment | Average P| | Average P | Average P palit 
| content, | Average effect} content, | Average effect; content, effe ct of 
| 28 plots | of treatment, 4 plots | oftreatment,| 4 plots trastment 
(dry 224plots | (dry 32plots | (dry 32 nae Ms 
basis) | (basis ; | basis) grt ad 





Percent Percent 
0.7205 | —0.0011TtT 
. 6535 —. 0040 
. 7155 
. 7173 
. 7098 
. 6870 
. 6783 
. 6993 
. 6398 


NPKCa | 
J Sees Ry ee OR | 


+h 
SEE 


+14 
E555 


ee 
t+tt+)4++) 141° 








Standard deviation 
Odds at 19:1_..-__..-.------ 
Odds.at 99:1. _.............- 





Treatment of F values: 
Residual as error 
Place X treatment as error---- 
Place F values: 
Residual as error 
Place X treatment as error. 
Replication F value: 
Residual as error 7. 29* 




















1 Factorial experiment Nos. 3, 4, 10, 11, 14, 15, 16, 18, 19, 20, 21, 22, 23, 26. 

2 Factorial experiment Nos. 6, 27. 

3 Factorial experiment Nos. 12, 13. 

*=Significant at odds of 19:1; **=significant at odds of 99:1; t=significant interaction of treatment X 
places at odds of 19:1; tt=signficant interaction of treatment X places at odds of 99:1. 
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comparable to those for the low-error experiments except that the 
effects on low-phosphorus soils in the 28 experiments showed an even 
greater degree of significance.’ Six treatments, P, Ca, N, NP, NK, 
and PK had a highly significant effect. P and Ca had a positive 
effect and N a negative effect. The interaction effect of NP was 
positive and that of NK and PK was negative. There was a highly 
significant treatment x places interaction for each of the 15 treat. 
ments. 

In none of the other soil groups were there more than three signifi- 
cant effects or interactions of treatment and places. In the trace- 
phosphorus soils the treatments N and P had a highly significant 
positive effect and NP a significant positive interaction effect, and 
there was a significant interaction for N. In the medium-phosphorus 
soils N had a highly significant positive effect, whereas NK had a 
highly significant negative interaction effect. Significant treatment 
< places interaction was shown by NK and a highly significant inter- 
action by N. The high-phosphorus group was identical with that in 
the low-error experiments. 

In the analyses of variance for the low-error experiments (table 
16), the F values for place on the basis of residual as error in the medi- 
um- and high-phosphorus soils were significant, but were very much 
smaller than the F values for place on the low-phosphorus soils. 
This was true for the 28 experiments ’ as well as for the 18 low-error 
experiments, but the differences in the F values were greater for the 
28 experiments. The F values for treatment on the basis of residual 
as error were highly significant for the low- and medium-phosphorus 
soils of both the low-error and the 28 experiments, but were not signi- 
ficant for the high-phosphorus soils. When the F values for treat- 
ment were determined on the basis of interaction (place X treat- 
ments) as error they were highly significant for the low-phosphorus 
soils, but not significant for the medium- and high-phosphorus soils 
of the low-error experiments. The results were the same for the 28 
experiments except that the F value for the medium-phosphorus soils 
showed signficance at the 5-percent level. 

In order to determine the effect of the level of soil calcium upon the 
phosphorus content of the greens, the 24 low-phosphorus soils were 
grouped into low- and high-calcium soils and the effects of the 
fertilizer treatments studied. Since there were just 5 soils not in- 
cluded in the low-phosphorus group, only the latter could be studied 
for the effects of soil calcium. It was found that in both the low- and 
high-calcium soils the effects of the fertilizer treatments were those 
typical of the low-phosphorus soils in the low-error experiments shown 
in table 16. The effects for NP, N, and P were greater on the low- 
calcium soils than on the high-calcium soils. The treatment PCa 
had a significant negative interaction effect on the high-calcium soils, 
but not on the low-calcium soils. 

In the analyses of variance there was a greater variation due to 
place on the high- than on the low-calcium soils. There was a greater 
variation due to treatment, however, on the low-calcium soils. 


EFFECT OF THE LEVEL OF ORGANIC MATTER IN THE SOIL 


The effect of the level of organic matter on the phosphorus content 
of the greens was also determined. The soils were classified on the 


* Table not shown, but is available at the Mississippi Experiment Station. 
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basis of actual amount of organic matter present. In the low-error 
experiments there were only two groups of soils—the low group con- 
taining 0.48 to 1.20 percent organic matter, and the medium group 
containing 1.20 to 2.00 percent organic matter—since there was only 
one soil in the high organic-matter group. 


TABLE 17.—Results of the experiments from the low-error group, showing the average 
phosphorus content of turnip greens grown on soils containing different percentages 


of organic matter, the average effect of the fertilizer treatments, and the F values 
from the variance analysis of each group 





| Soils containing 0.48 to | Soils containing 1.20 to 
| 1.20 percent organic | 2.00 percent organic 
matter (6 experi-| matter (11 experi- 
ments !) | ments 2) 
Fertilizer treatment — 





| Average P| Average ef- Average Cal Average ef- 
content, 12 | fect of treat- | content, 22 | fect of treat- 
plots (dry | ment,96 | plots(dry | ment, 176 
basis), | plots | basis) | plots 





Percent | 


| Percent | 
ECT Sie ii lees a nce ert PIE 0. 5645 | —0.0118*tt 0. 5867 | +0. 0035 
OS SAGER Sig SES I eae te ce org pera AT 5901 | +.0152**+ | .5827 | —.0072* 
NP OR.2c 0... BR ers ae eee Ca ia 5842 | —.0020 | _ .5924| +. 0006 
Re ae ae : Bie f 5695 | +.0171**t | -6116 | +.0106**t 
(ESERIES 385 tae Oi See I A ia 5026 | —.0070 | 5504 - 0008 
2) Se PE eke BAS .4922 | —.0012 | .5470 | —.0078*tt 
2) aie is repeaaeire et Ue eee .5185 | —.0006 | 5551] —. 
Re aa Bote ad a ae . 5281 | —.0232**tt | 5427 | +.0038tt 
PKCa_._-_- REI Ne a SALES . 5789 | —.0033 | . 5859 | +.0046 
eee pe iss Ae Ne 5598 | +.0020 | . 5846 | —. 0013 
PCa_.__- “as pee eee oo see's .5890 | +.0000 | .5700 | —. 0081*tt 
ae eeRPEITES Se .6047 | +.0495**tt | .5750 | +.0339**¢t 
mGa,.-. Bie Ae ge eae ra SR Rage a 15522 | +.0019 | 5641 | +. 0028 
ee ues pha) ai Neh anive iee .5561 | —.0115" = | .5481 | —..0009 
Bate) eae ae pote eg Sue wee 5449 | —.0019 | .5621 |  +.0034 
1A a eR I SE EERE PM ee eas 


Senmrera @evietion. wc... cu i ek, eR eh en a nes 
Co SS eS eee ae ae Nee ER . 0272 . 0096 | : 5 


oe Ny eee a een ae 





Treatment F values: 





Lata ewes 


RI UNIS oe he cessed OR bo ac} 0 eae Mb aerececas wees 

Place X treatment as error. _...........--.--.- 3. 46** | anton esate ry” 2 Sane We 
Place F values: | | | 

Residual as error. __...-..--.--.---------- BES odd Daren nae ee eS 7: es Sean Det en 

Place X treatment as error_.........-.-.-.---.-| 60. 11** |__.-....._.- Ba 8 eaten es 
Replication F value: | | | 

Residual as error__._.-..--.--- po pibawiaepeneee | 14, 43** 


| ioRRE 8 te et etisicad 








! Factorial experiment Nos. 10, 11, 15, 21, 23. 27. 

? Factorial experiment Nos. 4, 6, 12, 13, 14, 16, 18, 19, 20, 22, 26. 

*=Significant at odds of 19:1; **=significant at odds of 99:1; t=significant interaction of treatment X 
places at odds of 19:1; tt=significant interaction of treatment X places at odds of 99:1. 


The results for the low-error experiments are given in table 17. 
There was a small and not significant increase in the mean phosphorus 
content of the greens with increased organic matter. In the total of 
28 experiments there was a similar trend when the experiments were 
pa so that the soil calcium and phosphorus were held at the low 
evel. 

The effect of P was to significantly increase the phosphorus content 
of the greens, and NP had a significant positive interaction effect in 
the low-error experiments. The same effects were shown when the 28 
experiments were grouped into low, medium, and high organic-matter 


7 Table not shown, but is available at the Mississippi Experiment Station. 
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soils.” When the phosphorus and calcium soil levels were held con- 
stant, the effect of applied phosphorus seemed to decrease with 
increased organic matter. 

In the low organic-matter group of the low-error experiments, N 
produced a highly significant decrease in the phosphorus content of 
the greens, but no significant effect in the medium organic-matter 
group. This group, however, was made up of 11 experiments, 5 of 
which (experiments 4, 6, 13, 14, 19) gave a positive effect for nitrogen, 
highly significant when combined, and 6 of which (experiments 12, 
16, 18, 20, 22, 26) gave a negative effect, also highly significant when 
combined. More of the nitrogen treatments had a significant effect 
in the low organic-matter group for both low-error and the 28 experi- 
ments than for the soil groups having a higher organic-matter con- 
tent. Potassium showed a tendency to decrease the phosphorus 
content of the greens, but has a significant effect only in the low 
organic-matter group of the low-error experiments. The treatment 
NK gave a significant negative interaction effect in the medium 
organic-matter group of the low-error experiments, and a similar 
effect in the low organic-matter group of the total experiments. 

All of the first-order treatments in the low-error experiments which 
give significant effect showed significant interactions for treatment 
places except K in the low organic-matter group. In the 28 experi- 
ments there were significant interactions for N and P in all 3 organic- 
matter groups. 

In the analyses of variance for the low-error experiments there was 
an increase in the F values for place when the organic matter increased. 
The variation due to treatment decreased, however, with an increase 
in organic matter. 





CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS 


Correlation studies were made to bring out relations between soil 
properties and the phosphorus content of the greens. The plots 
showing significant places X treatment interaction and the mean for 
all plots were studied as in the case of calcium. The correlation 
coefficients and regression equations (table 18) show that the phos- 


TABLE 18.—Correlation coefficients and regression equations showing relations 
between exchangeable calcium and soil phosphorus, and the phosphorus in the greens 
for the mean and for plots showing significant places X treatment interaction 





R 





: Standard 
Exchange- en, Regression equation ! _— of 
able cal- | exchange- nee 

cium able 
calcium 


Soil phos- 
phorus 





0. 2033 ‘i , 0.5181-+-0. 00827-+-0. 066821 
- 3022 : ‘ - 4978+ .01327+ .00502; 
. 4987** ‘ P ‘ -02477+ . 00442 

> - 03262 


. 6290** 03262— . 00232; 
. 2430 ¢ ‘. é -00917+ .00127; 


. 5380** . s Link 021474 . 00071 























1 z=Soil phosphorus; z:=exchangeable calcium. 


? Table not shown, but is available at the Mississippi Experiment Station. 
*=Significant at odds of 19:1 ; **=significant at odds of 99:1; t=significant interception of treatment X 
places at odds of 19,1; tt=significant interaction of treatment X places at odds of 99:1. 
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phorus in the greens from the N and NP plots as well as the mean 
phosphorus increased significantly as the soil phosphorus increased. 
The closest relation between soil phosphorus and that in the greens 
was shown by the data from the nitrogen plots. The multiple corre- 
lation coefficients for soil phosphorus and exchangeable calcium which 
were significant were only slightly greater than the simple coefficients 
for soil phosphorus. 

Other soil properties as studied had less effect on the phosphorus 
in the greens than did exchangeable calcium. Simple correlation 
coefficients showed a negative effect of organic matter on the mean 
phosphorus and on that of the greens from the N and P plots, and a 
positive effect on the phosphorus in the greens from the NP, NPK, 
and NPKCa plots. Multiple coefficients were but slightly larger 
than the simple coefficients for soil phosphorus, suggesting that little 
or no information could be gained by the multiple studies. 


CovARIANCE ANALYSES 


Multiple correlation coefficients indicated that soil phosphorus 
and exchangeable calcium were more closely related to the mean 
phosphorus in the greens than were soil phosphorus and organic 
matter or soil phosphorus and pH. Hence, covariance analyses were 
made to study the effects of these soil properties on the variation in 
the plant phosphorus attributed to place. The results of the analyses 
made for the greens grown on the check and NKCa plots are shown in 
table 19. The F value 9.00** for place on the check plots was re- 
duced to 6.75** when the means were adjusted on the basis of soil 
phosphorus; to 8.67** when adjusted on the basis of pH; and to 5.67** 
when adjusted on the basis of soil phosphorus and exchangeable 
calcium. The soil phosphorus accounted for more of the variation 
due to place than did the other soil properties studied. 

In a similar study of the NKCa plots, where normal growth was 
expected with no phosphorus added, the F' value for place was 6.55**. 
This value was reduced to 3.91** when the means were adjusted on 
the basis of soil phosphorus; to 6.19** when adjusted on the basis of 
pH; and to 3.75** when adjusted on the basis of soil phosphorus and 
exchangeable calcium. Soil phosphorus accounted for approximately 
40 percent of the variation attributed to place when plots received 
NKCa treatments, whereas it accounted for only 25 percent when 
plots were not fertilized. The greater variation within the check plots 
unaccounted for by soil phosphorus suggests that some of the variation 
due to place might have been the result of differences in growth be- 
tween the NKCa and check plots. 

A covariance analysis of the data from the N plots was also made, 
since the multiple coefficient (0.6306**) for soil phosphorus and ex- 
changeable calcium (table 18) was greater than the corresponding 
coefficient determined for the NKCa plots. The adjusted F value for 
place was, however, still highly significant. 


**Significant at odds of 99:1. 
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EFFECT OF RAINFALL AND IRRIGATION 


As stated previously, records were secured of the rainfall during the 
growing period of each crop. The relations between the total rainfall 
and the average calcium and phosphorus content of the greens grown 
in the same place but in different seasons, or in different years, or both, 
were studied. The results, presented in table 20, do not show any 
consistent effect of rainfall on the average calcium and phosphorus 
content of the greens either for season or for year. 

Correlation coefficients were employed to study the relation be- 
tween the calcium and phosphorus in the greens and rainfall on the 
check plots. The coefficient for calcium (0.1527) as well as that for 
phosphorus (0.0361) indicated that rainfall was a minor factor in the 
variation due to place. 


TABLE 20.—Effect of rainfall in different seasons, at the same place, and the effect of 
irrigation on the calcium and phosphorus content of turnip greens 





Spring, 1939 Fall, 1939 Spring, 1940 | Fall, 1940 








Average Ca 


Ca 
Average P 
content 


Ca 


Location 


content 
content 
content 
content 


content 


Rainfall 
Average P 
Rainfall 
content 
Average P 
Rainfall 
Average 
Average P 
content 
Average Ca 





| 
| 


| 
| 


| | 


|Inches| Per- | Per- | Inches| Per- | Per- Per- | Per- \Inches| Per- | Per- 
cent | cent | cen cent | cent | | cent | cent 


| 
| 





Blairsville, Ga_._......-_- 110.32 | 3.17 |0.601 |____- | 46 | 3.03 10. 549 
Experiment, Ga.._--.-...|1].11 | 2.47 | . 565 |- BEES Re eee hae Sy 
Crystal Springs, Miss__.._|__.--.| ane. ah . 666 (14. 2.13 | .520 
Poplarville, Miss... ___ (4.42 | 2.40 | 492 | 4.42 | 2.12 | .419 [11.38 | 1.99 

| 4.12 | 2.83]. 


_.| 4.67 | 2.82 10.440 
Stoneville, Miss... _......}.....-].-- : 
Perkins, Okla__._________- 16.59 | 2.67 | .516 |___.. 
Woodward, Okla_..___...| 5.87 | 3.17 | .463 | 

se sical eaipatcl doce that eet iene ate chase Lata 
Winter Haven, Tex.!.....|......j}.....-|......| 2.04 | 9 
Norfolk, Va_........------|- oat ...-| 9.56 





1 Crops were also irrigated. 


The effect of rainfall on the NPKCa plots was also studied. These 
plots were selected because it seemed likely that the effects of rainfall 
on the calcium content of the greens might be more apparent in the 
plots having a complete fertilizer. The F value for the variation due 
to place was 16.61**. This value was reduced to 15.86** when the 
means were adjusted for total rainfall. When the phosphorus con- 
tent of the greens was similarly studied, the F value for the variation 
due to place was 8.87**. Adjusting the means for total rainfall 
reduced the F value to 8.14**. Thus rainfall seems to account for 
only a small part of the variation in the calcium and phosphorus 
content of the greens due to place. 

Irrigation increased the calcium and phosphorus content of turnip 
greens grown the same season at the same place (Woodward) on 
urigated and nonirrigated plots. The F value for irrigation in an 
analysis of variance of the calcium data was 15.96** and in a similar 
analysis of the phosphorus data, 50.50**. 


YIELD 


Yield records were taken in 12 of the 30 experiments and for 1 
crop at Heavener, Okla., which was not analyzed{for minerals. 
572146—44—_3 
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Eleven of the crops were grown in 1940. The yields for these experi- 
ments, their means, and the standard deviation are given in table 21, 
The average yield ranged from 61.74 gm. per foot of row at Experi- 
ment, Ga., to 358.46 gm. at Perkins, Okla. Significant treatment 
effects are listed in table 22. The application of nitrogen produced 
a highly significant increase in yield in 8 of the 13 experiments. At 
one place only (Woodward) was there a significant decrease due to 
nitrogen and this was on the nonirrigated plots. The yield at Blairs- 
ville was significantly increased by P and K and the interaction effects 
of NP and NK were positive. Potassium also significantly increased 
the yield at Norfolk. Significant positive interaction effects were 
given by PCa and PKCa at Woodward and by NPKCa at College 
Station. 

The average effects of treatment on yields for the 13 experiments 
and the 3 error groups, and the F values for the analyses of variance 
are given in table 23. Nitrogen had the greatest effect of any of the 
fertilizer treatments. It produced an average increase in yield of 
72.71 gm. per foot of row. There was an interaction of N X places 
in all groups. Potassium significantly increased the yield in the 
combined analysis, and in the low- and medium-error groups. The 
interaction of K x places was significant in the low-error group. 
Phosphorus produced a significant increase in yield in the low-error 
group and gave a significant treatment > places interaction 
in the medium-error group. Calcium had a significant positive 
effect in the low-error group. There were significant treatment 
places interactions for NP and NK in the low-error group, and for 
PCa and P in the medium-error group. The F values from the 
analyses of variance show that place accounted for much more of the 
variation than did treatment, although the latter was highly 
significant. 

As it seemed possible that the negative effect of N on the Ca and 
P in the greens might have been due to the increased yield resulting 
from the N treatment, a covariance analysis was made adjusting the 
mean calcium and phosphorus in the greens on the basis of yields 
(table 24). The calcium and phosphorus data for Iowa Park and 
Heavener were eliminated. It was also necessary to eliminate from 
the phosphorus study the data from experiments in which N signi- 
ficantly increased the phosphorus content of the greens. Results 
of the covariance analyses shown in table 24 indicate that in these 
experiments the difference in the calcium and phosphorus content of 
greens grown on nitrogen plots and those grown on plots receiving 
no fertilizer could be accounted for by increased yield. Attention, 
however, should be called to the fact that increased yields are not 
necessarily accompanied by a decrease in calcium and phosphorous 
in the greens, especially the latter. Thus, at Stoneville, the addition 
of nitrogen produced a large increase in yield as well as a significant 
increase in the phosphorous of the greens, while at Norfolk an increase 
in yield occurred with no decrease in either calcium or phosphorus in 
the plant. Differences in yield also failed to account for the signi- 
ficant variation in the calcium and phosphorus content of the greens 
from the experiments where yield records were taken. 


TABLE 21.— Average yield of turnip greens grown by a factorial design of 16 duplicate fertilizer treatments in 13 experiments 
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The regression equation using mean percentage of calcium as a de- 
pendent factor (Y) on exchangeable calcium (X) and yield (X,) is 
Y =2.093 +0.1208X+0.0005.X,. The multiple correlation coefficient, 
R=0.7292*, is but slightly larger than the simple correlation coeffi- 
cient, r=0.7138**, for exchangeable calcium. The regression equation 
using average percentage of calcium from the N plots as a dependent 
factor on the same independent factors is Y=2.2396+0.1027X— 
0.0007X. For these plots R=0.6069 where r,,=0.5816 and ryy= 
— 0.2830. 

Regression equations using percentage of phosphorus as a dependent 
factor were not studied because the variation in the effect of N on 
percentage of phosphorus limited homogeneous data to a few experi- 
ments. 


TABLE 23.—Results of the total experiments and of the error groups, showing the 
average yield of turnip greens per foot of row, the average effects of the fertilizer 
treatments on yield per foot of row, and the F values from the variance analysis of 
each group 





Total group Low-error group | —— | ey 
(13 experiments!) (5 experiments 2) | experiments *) | — experiments 4) 





Fertilizer treatment . 
= ~ | Average 

| yield effect of 
_ ’ treatment, 
208 plots 


Aver- 
age 
yield, 
10 


Average —_ | Average 
effect of aa effect of 
treatment, y . ate treatment, 
80 plots | plots 80 plots 


Aver- 
age 
yield, 
6 


Average 
effect of 
treatment, 


| ) 
| plots | plots 48 plots 


oy | 
| plots 





Gm Gm | Gm | ae Gm 

NPKCa wis ke wee +5. 36 141. 34 . }288.07 | a 303. 90 
NPK +6. 73 121.10 3. |272.6 \ 32%. 65 
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Treatment F values: 
Residual as error... 18. 34** 9. 99** 
Place X treatment 


Place F values: 
Residual as error__ 128. 46** 51. 07** 
a ¥- X treatment 
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Replication F value: 
Residual as error - -- 





1 Factorial experiment Nos.: 2, 4, 7, 11, S 17, 19, 20, 15-A, 24, 25, 27, 30. 
2 Factorial experiment Nos.: 2, 4, 15-A, 9, 30. 

5 Factorial experiment Nos.: 11, 17, 20, Pre "27. 

* Factorial experiment Nos.: 7, 13, 25. 


*=Significant at odds of 19:1; **= significant at odds of 99:1; t=significant interaction of treatment X 
places at odds of 19:1; tt= significant interaction of treatment x places at odds of 99:1 
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DISCUSSION 





The results from the data which have been presented in this study 
show the effects of the same fertilizer treatments on the calcium and 
phosphorus content of turnip greens when they were grown under a 
variety of environmental conditions. It is to be expected, therefore, 
that the effects of the fertilizer treatments would vary with the place 
where the greens were grown. In some respects, however, there was 
a rather striking similarity between places in the effects of certain 
treatments, notably those for nitrogen, calcium, and phosphorus. 
Nitrogen significantly decreased the calcium content of the greens in 
24, and the phosphorus content in 12, of the experiments. This is in 
accord with the effect of nitrogen fertilizers on pasture grasses reported 
by several investigators and reviewed by Vandecaveye (26). Other 
investigators (28, 9), have noted the depressing effect of applied 
nitrogen on the calcium content of plants, but have reported an in- 
crease in the phosphorus content. Since there were 6 experiments in 
which the phosphorus was significantly increased by nitrogen fertilizer, 
it would seem that its effect on phosphorus was more dependent upon 
factors associated with place, including other soil factors, than was 
its effect on calcium. 

The increase in the calcium content of the greens from applied cal- 
cium confirms the results of previous studies on vegetables (18, 21), 
and other plants (17, 20). The greatest responses to added calcium 

were observed when the greens were grown on soils containing the 

east calcium. When calcium was added to the soil it also showed a 
tendency to increase the phosphorus content of the greens, although 
the results were not consistent. Varying effects of applied calcium 
on the phosphorus content of plants have been reported by Ames and 
Schollenberger (2) and by Beeson (6), the results obtained depending 
upon the soil in which the plants were grown. 

The effect of phosphorus on the phosphorus content of the greens 
was almost as great as that for calcium on the calcium content of the 
greens. Eighteen of the 27 experiments showing an increase in phos- 
phorus gave significant increases. The soils in all of the 18 experiments 
were low in phosphorus. There have been many reports concerning 
the effect of phosphorus fertilizers on the phosphorus in plants which 
would seem to agree with these findings. Of particular interest are 
those of Bishop (7), Brown (8), and Wimer (29). In the majority of 
the experiments, the combination of phosphorus and nitrogen pro- 
duced a positive interaction effect on the phosphorus in the greens, 
the effect being highly significant in the total experiments and in the 
low-error group. In this connection it is interesting to note that the 
interaction effect of NP was greatest on the low organic-matter soils 
(table 17). 

The effect of applied phosphorus on the calcium content of the greens 
like that of calcium on the phosphorus content of the greens, seemed 
to depend upon the soil in which the greens were grown. The tendency 
of phosphorus was to decrease the calcium, there being a significant 
negative effect of three places and in the total experiments. A sig- 
nificant increase in phosphorus occurred, however, at three places. 

The effect of place is the most striking result brought out by the 
analysis of the data on the calcium and phosphorus content of the 
greens. The variation in the average calcium and phosphorus in the 
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greens associated with place is graphically presented in figures 2 and 
3, respectively. In the low-error groups of the variance analyses the 
effect of place was 13 times greater for calcium and 20 times greater 
for phosphorus than was the effect of treatment, although the latter 
had a highly significant effect. The much greater influence of place 
when compared to fertilizer treatment, on the calcium and phosphorus 
content of clover, has been reported by Myers and Metzger (16). 
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In a study of the composition of bluegrass in different parts of Ohio, 
Forbes, Whittier, and Collision (12) found that, ‘““While the mineral 
content of vegetable crops is without doubt the resultant of a con- 
siderable number of varying factors, the most important of these is 
the composition of the soil.” There can be no doubt that the com- 
position of the soil is one of the most important factors affecting the 
mineral content of vegetables, and it would have been desirable to 
make much more complete investigations of this relationship at each 
place than was done. Such complicated studies were not feasible, 
but some of the soil properties which were studied indicated that soil 
had a more marked effect than did fertilizer treatments. When the 
soils were classified according to the amount of calcium or phosphorus 
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present and the effects of the fertilizer treatments determined for the 
different classes, it was found that soil calcium had a greater effect on 
the calcium content of the greens, and soil phosphorus on the phos- 
phorus content of the greens, than did the respective minerals applied 
as fertilizer (tables 8 and 16). The greens grown on the high-calcium 
soils contained 33 percent more calcium on an average than those 
grown on the low-calcium soils. The greatest effect for applied cal- 
cium was shown by the trace-calcium soils, the increase being 0.135 
percent. The average phosphorus content of the greens from the high- 
phosphorus soils was about 34 percent greater than that from the low- 
phosphorus soils. Only the low-phosphorus soils gave any significant 
effect for applied phosphorus, the increase in the phosphorus content 
of the greens being 0.0467 percent. In this connection, however, 
attention should be called to the differences in the soil levels of cal- 
cium and phosphorus as compared with the amount added as fertilizer. 
Differences between the calcium content of the trace- and high-calcium 
soils were about 2,000 pounds per acre, whereas only 120 pounds of 
calcium per acre was added as fertilizer. The difference between the 
low- and high-phosphorus soils was about 300 pounds per acre and 
only 60 pounds of P.O; was added as fertilizer. 

In the study of the relationships between soil properties and the 
calcium content of the greens the positive relationship between 
exchangeable calcium and plant calcium was the most significant. 
The experiments at West Point furnish a striking illustration of this 
observation. The West Point greens contained over 44 percent 
more calcium than those from any other place, and the amount of 
exchangeable calcium in the soil was much greater than that of any 
other place. The correlation coefficients for exchangeable calcium 
of the soil and the phosphorus in the greens were positive but not 
significant (table 18). The greens, however, which were grown in 
soil with an extremely high exchangeable calcium content had a low 
phosphorus content. 

Although the rapid test for measuring available soil phosphorus is 
not as accurate as the test for measuring exchangeable calcium in the 
soil, the correlation coefficient showed a significant relationship be- 
tween the available soil phosphorus level and the phosphorus content 
of the greens. The closest relationship between soil and plant phos- 
phorus was given by the data from the nitrogen plots. This suggests 
that insufficient nitrogen in the soil was the limiting factor in the 
utilization of soil phosphorus by the plant. 

Exchangeable calcium and hydrogen-ion concentration are so 
closely related that similar trends in effects on the mineral composition 
of the greens were to be expected. Both the correlation and the 
covariance analyses showed that exchangeable calcium has a greater 
effect than hydrogen-ion concentration on the calcium and phos- 
phorus content of the greens. 

Outstanding effects for organic matter were not demonstrated by 
the analysis of the data obtained in these investigations, although 
some interesting results were observed. The average calcium and 
phosphorus content of the greens increased with increased organic 
matter. The variation in each of the two minerals due to place was 
considerably less in the high organic-matter soils than it was for those 
lower in organic matter (tables 9 and 17). 
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A study of the various effects of the fertilizer treatments in the 
experiments which were repeated in successive seasons at the same 
location indicates that weather conditions may have had as great an 
influence as soil on the mineral composition of the plant. Thus the 
experiment at Norfolk in the fall of 1939 showed no effect on the 
phosphorus in the greens for any treatment, but the experiment for 
the fall of 1940 at the same place showed significant effects for four 
treatments (table 14). Even greater differences in the effects of the 
fertilizer treatments on calcium were found between the fall 1939 
and the spring 1940 experiments at Stoneville. There were no 
significant effects for the fall experiment, but there were six significant 
effects for the spring experiments (table 6). 

From an analysis of the data, rainfall did not show any consistent 
effect on the calcium and phosphorus content of turnip greens. The 
many other factors related to place which caused variations in the 
mineral content of the greens masked the effects which rainfall may 
have had. When, however, the greens were grown at the same place, 
during the same season, thereby eliminating variations due to place 
and season, it was found that irrigation significantly increased the 
calcium and phosphorus content of turnip greens. This is in agree- 
ment with the findings of Daniel and Harper (10) for phosphorus but 
not for calcium. They found that the phosphorus in hay increased 
with high rainfall but that the calcium decreased. 

Both place and fertilizer treatments had an important effect on 
yield, but the effect of place was much greater than that of fertilizer 
treatments. It seems probable that the principal factors related to 
place which caused variations in yield were soil fertility and rainfall, 
but these factors could not be adequately studied because the data 
were insufficient. 

It was to be expected that the application of nitrogen would increase 
the yield of turnip greens, as the majority of southern soils, including 
those on which the greens were grown, are rather low in nitrogen. 
The covariance analyses indicate that the decrease in the percentage 
of calcium and phosphorus in the greens resulting from the use of 
nitrogen fertilizer is associated with the increase in the amount of 
plant tissue (table 24). The results at Stoneville and Norfolk, however, 
demonstrate that an increase in yield is not always accompanied by a 
decrease in the calcium and phosphorus content of the plant. It is 
probable that results comparable to these would have been secured in 
other experiments had complete yield data been available for analysis. 
It should be noted also that while nitrogen decreased the calcium and 
phosphorus in the greens, increased yields resuled in an increase in 
the amount of plant calcium and phosphorus produced per foot of 
row. 

The data on yield and on the calcium and phosphorus content of 
the greens (tables 5, 13, and 21) show that the variation due to place 
week still be significant when the effect of yield on the calcium and 
phosphorus content of the greens was eliminated. Although the data 
on yield are incomplete, the F values from the covariance analyses of 
the calcium and phosphorus in the greens grown on the check, NPK, 
and KNCa plots support the foregoing statement (tables 12 and 19). 
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SUMMARY AND CONCLUSIONS 


Nineteen nonfactorial experiments were conducted at 12 localities, 
and 30 factorial experiments were conducted at 19 localities to 
determine the effects of place and of fertilizer treatments on the cal- 
cium and phosphorus content of turnip greens. Certain soil factors 
and rainfall were also studied in the factorial experiments. The plan 
for the nonfactorial experiments was to use a uniform fertilizer treat- 
ment at each place, the treatment depending upon the best soil prac- 
tices in that locality. There were 10 replicates in each experiment. 
For the factorial experiments a 2222 design was used for appli- 
cations of N, P, K, and Ca in all possible combinations at a high and 
a low level for each nutrient. The same amount of each fertilizer was 
used in all experiments. 

Seed of the variety Seven Top from the same source, as well as uni- 
form methods of planting and fertilizing, were used. Soil samples 
were taken from 29 of the sites where the turnip greens were grown 
and were analyzed for calcium, total exchange capacity, exchangeable 
calcium, phosphorus, magnesium, organic matter, and pH values. 

Samples of turnip greens harvested at a good marketable stage were 
prepared for analysis by washing in tap and distilled water, drying, 
and grinding in a porcelain ball mill. The whole plant was used with 
the exception of damaged leaves, a small portion of the stems next 
to the root, and the root. Methods of the Association of Official 
Agricultural Chemists were employed for the determination of calcium 
and phosphorus. 

The results of the nonfactorial and of the factorial experiments were 
analyzed statistically. The analysis of variance was applied to the 
data from the factorial experiments. The method of Yate was used to 
determine the effect of each fertilizer treatment. 

In both the nonfactorial and factorial experiments, there was a 
marked variation in the calcium and phosphorus content of the greens 
grown at different places. Significant differences in both elements 
were also observed in vegetables grown at the same place but in 
different seasons. 

Results from the factorial experiments showed that conditions 
associated with place caused from 13 to 20 times more variation in the 
calcium and phosphorus content of greens than did the fertilizer in 
the amounts used, and that the effects produced by the different 
treatments varied with the season. 

The soil properties total calcium, total phosphorus, exchangeable 
calcium, hydrogen-ion concentration, and organic matter were 
studied. Covariance and correlation analyses showed that these 
properties of the soil accounted for an important part, but not all, of 
the variation in the mineral content that was attributed to place. 
Results noted were as follows: 


(1) The calcium content of the greens increased significantly as 
exchangeable calcium, pH, and the level of soil calcium increased. 

(2) Exchangeable calcium did not have a significant effect on the 
phosphorus content of the greens. 

(3) There was a small but not significant increase in both the calcium 
and phosphorus content of greens as the organic matter of the soil 
increased. 
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(4) The phosphorus content of greens grown on high-phosphorus 
soils was significantly greater than that of greens grown on low- 
phosphorus soils. 

The data on rainfall showed no consistent relationship between the 
total amount of rainfall and the calcium and phosphorus content of 
the greens. At Woodward, however, both the plant calcium and 
phosphorus were significantly increased by irrigation. 

The effects of fertilizer treatments, though not as great as that of 
place, were highly significant. The following effects were noted: 

Nitrogen produced the most marked effect on the mineral content of 
the greens. It significantly decreased the calcium content of the 
greens in 24 of the 30 experiments. The average depression of calcium 
by nitrogen was approximately 0.36 percent. The effect of nitrogen on 
the phosphorus content of greens varied with season as well as with 
place. In general, the effect was a negative one, although in 6 experi- 
ments the phosphorus was significantly increased. There was a highly 
significant interaction for the effect of nitrogen on both the calcium 
and the phosphorus content of the greens, emphasizing the fact that 
the effects produced by nitrogen on different soils were not uniform. 

Calcium applied as gypsum increased calcium in the greens on an 
average of 0.06 percent. The effect produced by Ca, however, varied 
greatly in the different experiments. Calcium showed a tendency to 
mcrease the phosphorus content of the greens, but the increase was 
significant in only 3 experiments and was not significant for the 
average of 29 experiments. 

Applied phosphorus decreased the average plant calcium 0.046 
percent, but it mcreased the average plant phosphorus 0.0537 per- 
cent. This was the greatest effect produced by any treatment on the 
phosphorus content of the greens. Both effects were highly significant 
= were characterized by significant interactions of treatment x 
places. 

Potassium had no marked effect on either the calcium or the phos- 
phorus. There were a few experiments, however, in which significant 
effects were produced. 

The NK treatments had a significant negative interaction effect on 
both calcium and phosphorus. The effect on calcium was more 
pronounced than the effect on phosphorus. 

The NP treatments had a significant positive interaction effect on 
phosphorus, but a significant negative effect on calcium. The varia- 
wre! in this effect caused by place was greater for phosphorus than for 
calcium. 

Soils were classified according to the amount of calcium, phos- 
phorus, and organic matter present, and the effects of the fertilizer 
treatments in each classification were determined. Treatments, 
other than N and P, produced greater effects on plant calcium when 
soils were low in calcium. The typical effects of N and of P, and the 
interaction effects of NP on phosphorus, were also more intense on 
low phosphorus-low calcium soils than on low phosphorus-high cal- 
cium soils. Applied P had no effect on the phosphorus of the greens 
grown on high-phosphorus soils. 

Yield records were obtained for 13 experiments. The average yield 
was 174.53 gm. per foot of row. The significance of both main effects 
and interaction effects varied with the place. The low-error experi- 
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ments showed that yield was increased significantly by the applica- 
tions of N, P, K, and Ca, but the greatest increase was produced by N. 
This average increase was approximately one-third of the total yield. 
The variation in yield caused by place was about seven times greater 
than that caused by applications of fertilizer treatments. 
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